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has been employed to optimize experimental parameters affecting MDSPME.
The method has been evaluated under optimized extraction conditions (i.e., amount of sorbent, 50 mg; sample pH, 4.0; extraction time, 3 min; eluent solvent, nitric acid; eluent solvent volume, 432 µL; eluent solvent concentration, 11.8 M and elution time, 2 min) using standard addition calibration. Calibration curves using standards between 0 to 100 µg L Therefore, the purpose of this work is to present a simple MDSPME method, employing a composite based on ZSM-5 zeolite decorated with iron oxide magnetic nanoparticles (i.e., ZSM-5/Fe 2 O 3 ) as a valuable sorbent, for the simultaneous separation and preconcentration of Cd, Hg and Pb in urine samples for subsequent measurement by inductively coupled plasma optical emission spectrometry (ICP OES). To our knowledge, this is the first report of an analytical method in which a zeolite-based MDSPME is employed to determine Cd, Hg and Pb in urine samples. Determination of the optimum conditions for MDSPME was carried out using an experimental design strategy.
Finally, method was validated and applied to real urine samples.
Experimental

Reagents
Deionized water was used throughout the experimental work (resistivity higher than 18 MΩ cm). Stock standard solutions of Cd, Hg and Pb (1000 mg L H 3 PO 4 (85% purity) from Scharlau Chemie and KH 2 PO 4 and K 2 HPO 4 proanalysis from Merck were employed for preparing buffer solutions. Sodium acetate anhydrous from Panreac (Barcelona, Spain) and HPLC-grade acetic acid glacial from Scharlau Chemie were employed for buffering urine samples before being analyzed. Sodium chloride (99% purity) from Scharlau Chemie was employed to adjust the ionic strength of urine samples before being analyzed.
Instrumentation
An Agilent 720-ES inductively coupled plasma optical emission spectrometer (Melbourne, Australia) was employed for all measurements. The operational parameters of the ICP OES used in this work are shown in Table   S1 . The instrumental conditions were optimized achieving the maximum signal intensity for each analyte using a standard solution containing 100 µg L -1 of Cd, Hg and Pb.
It is important to note that for Cd, the MDSPME optimization was performed with analytical emission line Cd II 226.502 nm, while the validation of the method and the analysis of the real urine sample was performed with Cd II Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) techniques were used, respectively, to study the surface morphology and particles size of the ZSM-5 and modified ZSM-5 composites.
SEM images were performed with a S3000N Scanning electron microscope from Hitachi (Japan) and TEM images were performed with JEM-2010 transmission electron microscope from JEOL (Japan). 
Evaluation of the method
Under optimum MDSPME conditions, the analytical figures of merit of the proposed MDSPME-ICP OES methodology were evaluated. Preliminary experiments showed that there were negative matrix effects, so standard addition calibration was employed to compensate matrix effects in the urine sample analysis. The calibration curves were constructed at eight concentration to vial glass to perform the MDSPME procedure.
Urine samples
Three urine samples were provided by healthy human volunteers, who were unexposed to Cd, Hg and Pb. These three samples were collected in sterilized containers and stored at 4 ºC. Before using the urine samples, these were adjusted to pH 4.0 with a buffer solution of acetic acid/sodium acetate and only few droplets were added in urine samples, therefore the pH adjustment does not produce a significant dilution. Samples were filtered with 0.45 µm pore size nylon filters in order to remove suspended particles.
Urine samples were initially analyzed and its Cd, Hg and Pb content was detected with the proposed method using standard addition calibration (Section 2.7). Consequently, urine samples were spiked at 5, 15 and 30 µg L -1 levels of Cd, Hg and Pb and analyzed to assess matrix effects (i.e., trueness). Comparison of spectra of Zn-ZSM-5/Fe 2 O 3 composite ( Fig However, this did not happen for Pb. This hypothesis was contrasted by quantifying the analyte content in the supernatant (remaining in the sample after extraction) (see Fig. S4(a) ). In the case the Zn-ZSM-5/Fe 2 O 3 composite, the content of Cd and Hg in the supernatant was higher than in the case of ZSM-5/Fe 2 O 3 composite (i.e., for Cd, 77% and 31% of initial concentration, respectively, and for Hg, 62% and 26% of initial concentration, respectively).
Results and discussion
However, the content of Pb in the supernatant was similar for both composites.
This was because all the lead content present in the solution was retained in both sorbents, concluding that there were no differences in the sorption step.
However, in Fig. 2(a) , the results showed that there were significant differences In present work, a saturated Plackett-Burman design was used to evaluate different factors. Based on previous experience the real factors investigated were: amount of sorbent, sample pH, extraction time, eluent solvent volume, eluent concentration and elution time. The considered experimental factors and levels are showed in Table S2 . A matrix of experiments (Table S3) The data obtained were evaluated by ANOVA and the results are showed with the Pareto charts (Fig. S8 ). These Pareto charts contain a bar for each factor and the length of each bar is proportional to the relative influence of that factor in the MDSPME procedure. In addition, those bars to the right indicate a positive effect in the response when increasing the value of the factor from the lower to the upper level. In contrast, those bars to the left indicate a negative effect. Moreover, those bars that exceed reference vertical lines (dashed lines) can be considered significant with 95% probability. As PlackettBurman design was saturated, dashed lines were calculated using the Eq. (1) [36,37]:
where t is the tabulated t-value with 5 degree of freedom at a significance level of 95% probability, E dummy is the coefficient of a dummy factor and n dummy is the number of dummies to evaluate the standard error (SE).
According to Fig. S8 , the significant factors were: for Cd ( Fig. S8(a) ), eluent solvent volume; for Hg ( Fig. S8(b) ), amount of sorbent, sample pH, extraction time and eluent solvent concentration; and for Pb (Fig. S8(c) ), sample pH and eluent solvent volume.
The amount of sorbent presents a positive effect for all analytes since probably in the lowest level the amount of sorbent is not enough to extract the metals. In respect of sample pH, it is observe that the sign is not the same for all analytes (Cd presents a positive effect while Hg and Pb present a negative effect). It could be related with the species formation. At pH 8, the species Pb(HPO 4 ) and Hg(HPO 4 ) can be formed. In addition, the product constants (K ps ) Finally, the elution time presents a negative effect for all metals although it is not significant. It can be explained using a similar reason used for the factor of extraction time, in this case, the eluate matrix is more complex at longer elution times and probably the signal decreases.
The use of a CCCD approach is hardly practicable for more than three factors, since a five factor quadratic model has 48 runs to be measured. For this reason, sample pH, eluent solvent volume and eluent solvent concentration were chosen as main significant factors because they had the highest influence (i.e., -13917.93 for eluent solvent volume in Fig. S8(a) , 341.52 for eluent solvent concentration in Fig. S8(b) and -923.20 for sample pH in Fig. S8(c) ). Thus, next optimization step, sample pH, eluent solvent volume and eluent solvent concentration were optimized using a CCCD.
The other factors (i.e., amount of sorbent, extraction time and elution time) were fixed at the most convenient level. The amount of sorbent was fixed at high level with 50 mg and the elution time was fixed at low level with 2 min elution time. Finally, the extraction time was fixed at low level (i.e., 3 min)
because it presented a significant negative effect for Hg (Fig. S8(b) ). Table S4 . The matrix of experiments of CCCD is showed in Table S5 .
The data obtained were evaluated by ANOVA and the response surfaces of the CCCD are shown in Fig. S9 -S11. For the three emission lines, the quadratic regression model was significant with 95% probability. The repeatability of the central point (n=6) was assessed, obtaining coefficients of variation between 5 and 16%. Table S6 shows the optimum MDSPME conditions obtained from the response surface and it can be observed that the MDSPME conditions are analyte-dependent and hence a compromise value was chosen in order to select the most favorable conditions for simultaneous MDSPME procedure of the three metals investigated. According to Table S6 
Sorbent reutilization study
The possibility of reusing DDTC-HDTMA-Zn-ZSM-5/Fe 2 O 3 composite as sorbent was studied. After each extraction, the composite was first subjected to additional elution steps (i.e., cleaning steps). The composite was eluted twice consecutively with 432 µL of nitric acid 11.8 M using an ultrasonic bath for 2 min. In addition, the two eluates of the cleaning step were analysed by ICP OES and the concentration of the three analytes was negligible in the last eluate (data not shown). Secondly, the composite was cleaned with deionized water three times and finally it was dried at 120 ºC for 1 h. Three consecutive extractions were carried out in triplicate using the same composite. The extractions were performed using a urine sample spiked with 20 µg L -1 of Cd, Hg and Pb. As observed in Fig. S12 , signals remained practically constant for Pb, however for the other metals the extraction efficiency significantly decreased. This can be explained according to Fig. 1 , where comparison of spectrum of reused composite ( Fig. 1(d) ) with spectrum of DDTC-HDTMA-Zn-ZSM-5/Fe 2 O 3 composite ( Fig. 1(c) ) shows that in spectrum ( Fig. 1(d) Hg and Pb, respectively. Finally, the enrichment factors (EFs) were evaluated in urine samples. For each urine sample, a set of standards for each analyte studied was prepared using the standard addition calibration methodology. In all cases, the analyte concentration ranged from 5 to 100 µg L -1 . Subsequently, all calibration sets were measured directly by ICP OES (i.e., calibration without MDSPME). Next, MDSPME was applied to the same sets of calibration standards and the eluates were measured by ICP OES (i.e., calibration with MDSPME). Finally, the EFs values for each analyte were calculated as the ratio between sensitivities with MDSPME and without MDSPME. EFs values ranged (Table S6 ). However, sample pH 4.0 and HNO 3 11.8 M were chosen as optimum extraction conditions for the proposed method since these were obtained for Hg, and sensitivity for Hg is much lower than sensitivity for Cd (Table 1 ).
Analysis of real urine samples
Three urine samples were initially analyzed and its Cd, Hg and Pb content was detected with the proposed method. However Hg content of urine sample 3 resulted under the LOQ of the present approach (Table 1) .
According to these results, there were not significant differences between the concentrations added and those found in the urine samples, obtaining relative recoveries ranged between 87-107%. Therefore, matrix effects were corrected with the proposed methodology.
Comparison with other methods
A comparison between this work and the previously reported procedures combining different SPE techniques and spectrochemical detection methods for the determination of Cd, Hg and Pb in urine and water samples is shown in It should be noted that in many analytical methods it is necessary a digestion sample step before extraction procedure to determine heavy metals in urine [43, 45, 46] , however in our work urine samples were used directly for MDSPME.
Finally, even though these publications determinate heavy metals in urine samples, to our knowledge, a modified ZSM-5/Fe 2 O 3 composite has not been employed to determine Cd, Hg and Pb in urine samples.
Conclusions
A new analytical method based on the synergetic association MDSPME- furnace atomic absorption spectrometry; MDSPME, magnetic dispersive solid-phase microextraction.
